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(54) RADIOACTIVE TRANSITION METAL NITRIDE HETERO-COMPLEX 



(57) The present invention provides a single radio- 
active transition metal nitride heterocomplex which per- 
mits labeling of a physiologically active substance such 
as a peptide, hormone or the like without impairing the 
activity of the substance. The radioactive transition 
metal nitride heterocomplex of the present invention is 
represented by the following formula (I): 
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(M-N)XY 
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wherein a radioactive transition metal M is radioactive 
technetium or radioactive rhenium, N is a nitrogen atom, 
X is a diphosphine compound or a diarsine compound, 
and Y is a bindentate ligand having a combination of 
electron-donating atoms. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to a radioactive transition metal nitride heterocomplex. a radiopharmaceutical 
comprising said complex, and a process for producing said complex. More particularly, the present invention relates to 
a radioactive transition metal nitride heterocomplex comprising a nitride of radioactive technetium or radioactive rhe- 
nium and two different ligands coordinated therewith, a radiopharmaceutical for diagnostic imaging or therapy contain- 
ing said complex as an active ingredient, and a process for their production. 

BACKGROUND ART 

[0002] Of radioactive transition metals used in radio-pharmaceuticals. 99m Tc is a nuclide most often used in the field 
of radiopharmaceuticals for diagnostic imaging, and 186 Re and 188 Re are nuclides preferably used in the field of radi- 
opharmaceuticals for therapy. Since these radio-active transition metals have different coordination numbers in different 
oxidized states and can form various complexes together with various ligands, they are used usually in the form of a 
complex. For example, as a process for producing the complex, there is a process of chelating ligands with Tc atom at 
first, and then attaching a physiologically active substance to the chelate, or a process of attaching a physiologically 
active substance to ligands at first, and then coordinating a Tc atom therewith. Whichever process is employed it is 
usually difficult to carry out the above-mentioned attachment while maintaining the whole activity of the physiologically 
active substance. Such attachment is more difficult particularly in the case of a small compound. 
[0003] There has recently been proposed a process comprising replacing a part of a physiologically active substance 
by a complex containing a metal ion. without impairing the activity of the substance (D.Y. Chi et al.. J. Med. Chem 1994 
37. 928-937). This process is advantageous in that a metal-containing block is accurately attached to the physiologi- 
cally active substance, so that a structure very close to that of the original physiologically active substance can be main- 
tained. However, no generally applicable process has yet been established. 

[0004] Transition metal nitride complexes are excellent in stability to hydrolysis. Therefore, when a transition metal 
nitride complex is subjected to exchange reaction with any of various ligands having a useful physiological activity, 
when used in a pharmaceutical, the nitride group of the nitride complex can remain bonded strongly to the metal atom' 
Accordingly, transition metal nitride complexes having various substituents have been proposed For example WO 
90/06137 discloses diethyl bisdithiocarbamate-Tc nitride complex, dimethyl bisdithiocarbamate-Tc nitride complex di- 
n-propyl bisdithiocarbamate-Tc nitride complex. N-ethyl-N-(2-ethoxyethyl)bisdithiocarbamate-Tc nitride complex etc 
[0005] In addition. WO 89/08657 discloses a process for producing a transition metal nitride complex which comprises 
reacting a phosphine-based ligand like a polyphosphine as a reducing agent for the transition metal with the transition 
metal oxide, then reacting a nitride of a metal or ammonium as a nitrogen source for nitride with the reaction product to 
convert it to the corresponding nitride, and then coordinating a physiologically active monoclonal antibody or the like 
with this nitride. 

[0006] In these processes, the choice of the ligand having a physiological active group is so important that it deter- 
mines properties of the resulting pharmaceutical. But. the metal nitride complex can have various numbers of coordi- 
nation positions from mono-dentate to quadridentate and hence is formed in plural forms. Therefore, it has been difficult 
to obtain a single complex stoichiometrically having a specific physiologically active ligand. 

DISCLOSURE OF INVENTION 

[0007] When the radioactive metal is technetium or rhenium, oxidation number ranges between valency of +l and +VII 
The oxidation number of nitride complex is generally the valency of +V. the metal atom thereof has five coordination 
positions and is expected to have a steric molecular configuration represented by the following formula (V) or formula 



55 




[0008] The geometry of the formula (V) is referred to as "square pyramidal geometry (sp geometry)", and the geom- 
30 etry of the formula (VI) as "trigonal bipyramidal geometry (tbp geometry)". In the above formulas, a, b, c, d, a\ b\ c' and 
d' are symbols affixed to coordination positions for convenience of explanation. 

[0009] The sp geometry of the formula (V) is a square pyramidal geometry in which the coordination positions a, b, c 
and d form a square as a base and N is a vertex. It is considered that the tbp geometry of the formula (VI) is composed 
of the two trigonal pyramidal geometries which have a* and d' as the respective vertexes and have a triangle formed by 
35 b\ c' and N on the same plane as a common base. 

[001 0] The present inventors earnestly investigated a combination of ligands capable of forming a complex of a single 
structure, among ligands which are likely to be coordinated with a transition metal nitride, for example, bidentate lig- 
ands. tridentate ligands and quadridentate ligands, and a process for forming such a complex, and consequently found 

. - Y that a single and stable transition metal nitride can be obtained by coordinating different two bidentate ligands unsym- 

< ho metrically. Thus, the present invention has been accomplished. 

[0011] The present invention is intended to provide a novel single radioactive transition metal nitride heterocomplex 
which permits labeling of physiologically active substances such as peptides, hormones, etc. without impairing their 
activity. 

[001 2] The present invention is a radioactive transition metal nitride heterocomplex comprising a radioactive transition 
45 metal nitride and two different ligands coordinated therewith which is represented by the following formula (I): 

(M=N)XY (|) 

wherein a radioactive transition metal M is radioactive technetium or radioactive rhenium, N is a nitrogen atom, X is a 
so diphosphine compound or a diarsine compound, and Y is a bidentate ligand having a combination of two electron- 
donating atoms which are selected from the group consisting of O, S and N and may be either charged or not. 
[0013] Another aspect of the present invention is a process for producing a radioactive transition metal nitride hete- 
rocomplex according to claim 1 , which comprises a first step of reacting an oxide of a radioactive transition metal M with 
either carbazic acid or its derivative, or hydrazine or its derivative, and a diphosphine compound or a diarsine compound 
55 in a solution in the presence or absence of a reducing agent, to obtain an intermediate of radioactive transition metal 
nitride; and a second step of reacting said intermediate with a bidentate ligand having a combination of two electron- 
donating atoms selected from the group consisting of O. S and N. 

[001 4] By the process for producing a novel radoactive transition metal nitride heterocomplex of the present invention, 
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as a neutral bidentate ligand. and anTeSo^SSo bwS f . w ""^ metal nitride > * cliphosphine compound 
donating bidentate liganJ itself or £ r^^^T^^^^ *5 physiol °9 ical «** of the electron- 
impaired. Thus, the present invention has made 7£t£i £ fSE ^J,^ attaChed there, ° is hai ^ 
molecular structure. ^ 0 0bta ' n a radiopharmaceutical having a strictly controlled 



BRIEF DESCRIPTION OF THE DRAWINGS 
'0 [0015] 



noW.)«hy,am^^ 

a^ti). Chr0mat09ram °* 3 technetium nitride heterocomp,ex formed by coordination of PNP and thiosa.icy.ic 
Zh^^S^O^^ niWde h — P'ex formed by coordination of PNP and N-etooxy- 
F£6 is a chromatogram of a -technetium nitride heterocomp,ex formed by coordination of PNP and cysteine 

^V4 a rSSr m ^ 3 99mteChnetiUm niWde ""««" ** 'ormed by coordination of PNP and cysteine 
p 1 ro"-SatNH 2 hrOmat09ram " * "eterocomp.ex formed by coordination of PNP and Cys-Lys- 

Ss or cysteinedesipramine (DESI). The abbreviations in the ffcure indicate the substitu- 



Me: methyl group 

30 Et: ethyl group 

HOBt: N-hydroxybenzotriazole 

EDC: 1 -(3<fimethylaminopropy0-3-ethylcarbodiimide 

TFA: trif luoroacetic acid 

TIS: tri-isopropylsilane 

BOC : tert-butoxycarbonyl 

Trt: trityl group 



BEST MODE FOR CARRYING OUT THE INVENTION 

[0016] The radioactive transition metal nitride hetemrnmniov r.« „ 

nitride having a M=N bond and different two Tx 2 tfiSZTZT**" * ^ ° f 3 meW 

and Y are chosen so as to be coordinated with the ow.32 m^?I ^f" 3 ^ wrth the core. The two ligands X 
metrical top geometry to stabilize the complex wfthouTnr^, ? "** haV ' ng 3 M * N bond and form an ^/m- 

dination. In the top geometry of toe ZuTa ^tSSt TZ^^^^^^'^^^ 
conformation in relation to the metal ion so as o form » h If ^ * 93nd wh,ch is at trans 

other at toe longest distance amcSg the fSr ^£^££2 ^ ^° PMUem 3 ' 3nd d " ,acin 9 each 
dination at the two positions a' and tf Sl^coTSnaC^nl ' r "H " ° f the me1a ' mtride core " Such c 00 '- 
remaining two positions b and b. It is co^ZTJZ^JjT^ * * «»*>""«*» selectively at toe 

shown by the formula (VII)- con s«ered that the bonded states of such two ligands X and Y are schematically 
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wherein A — A denotes the ligand Y, and B — B denotes the ligand X. 

[001 7] Such a ligand X includes diphosphine compounds and diarsine compounds and is preferably a diphosphine or 
diarsine compound containing atoms having an affinity for n electrons, such as phosphorus atom or arsenic atom at a 
symmetrical positions. Preferable examples thereof are bisphosphine compounds of the following formula (II) having 
two phosphorus atoms which are n electron acceptors and are bonded to each other at a suitable distance through a 
methylene group, an oxygen atom, a sulfur atom, a nitrogen atom, an ethylenedioxy group, etc. so as to be coordinated 
at trans conformation in relation to a Tc atom. 



25 



R2 ^> PCRSMZ^CR^nP <^ 



R 4 
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30 



35 
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wherein each of R 1 , R 2 , R 3 and R 4 , which may be the same or different, is one member selected from the group con- 
sisting of a hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group and a substituted aryl group, R 5 is a 
methylene group, each of Z*s is one member selected from the group consisting of oxygen atom, a sulfur atom, a meth- 
ylene group, NR 6 (wherein N is a nitrogen atom and R 6 is a hydrogen atom, an alkyl group, a substituted alkyl group, 
an aryl group, a substituted aryl group, an amino group, an amino acid chain, a biologically active group or a -C(=0)R 7 
group (wherein R 7 is a hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group, a substituted aryl group, 
an amino group, an amino acid chain or a biologically active group)) and an ethylenedioxy group, P is a phosphorus 
atom, n is an integer in a range of 1 ^ n ^ 5, and m is zero or 1 . Preferably, n is an integer in a range of 2 s n ^ 4. 
[0018] Specifically, of the diphosphine compounds of the above formula (II) wherein Z is NR 6 , there are preferably 
used bisphosphine compounds represented by the following formula (III) or formula (IV) (hereinafter refferred to as PNP 
type): 



45 



Ph >P(CH 2 )2KR6(CH2)2P<^ ^ ( m ) 

so wherein Ph is a phenyl group and R 6 is a hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group, a sub- 
stituted aryl group, an amino group, an amino acid chain, a biologically active group or a -C(=0)R 7 group (wherein R 7 
is a hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group, a substituted aryl group, an amino group, 
an amino acid chain or a biologically active group). 

55 
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CH 3 (CH2).0(CH2)x>. 

5 XCH2)*(XCH2).CH3 

r„ biologically active group or a ^oK Sin 9 ?* amin<> 9rOUP ' a " amin ° acid ■ 

an aryl group, a substituted ary group 5 °^£a™ o ~ n anK ^ ^ *" a,ky ' 9r ° UP ' 3 subs «™«l alky, flrouo. 
fooioi a* th h" u ... a """° aaa cnain or a biologically active orou D ) 

(CeHs)^. bis(di P heny.phosphinoethyl) P ropy£mine «cK-^^ 
bis(di P heny 1 phos P hinoethy.)-buty.amine ((C 6 h1-P-CHpChS^^^^^ 

prK J s P h i no e thyl)a C etony.amine((C 6 H 5)2 -P-CH 2 ^ bisfdiphenyl- 

CH 2 CH,-N(CH,)-CH ch p mru V » k •/!■ ^ 3)z) ' ^""^^"OsphinoethyOmethylamine «CH,0) -P 

p-ch 2 ch 2 -n(ch 2 ch 2 ch 3 )-ch/ch 2 -p(ch;ch,^ ((CH 3 CH 2 OCH 2 CH 2 ) 2 - 
amine (fC^CH^-P-CH.CH X&haM^Sffi' p r,r5 ^TS??^ 0 ^^ 
thyOmethoxyethylamiS ((CH 3 CH 2 OCH^ 

[0021] Of the diphosphine compounds o th above toS^l^f^?^^^ 0 ^ etc - 
P ; (C 6 H 5 ) 2 ) ; and wh^n 2 is a Te^e^ 

b.s(d.phenylphosphinoethyl)alkylene such as bisfdiohenvlDh^nSnSth m . ( yP6) ' there be ««npKied 

SSed'rvfaXt EE £co"^ 98 - ,i93nd * an M=N bond as 

try. so that the intermediate is staS« T^TtSCtn ™1 T^'T™ * the *»» 9e0me " 

bidentate ligand Y having an e^on^o^ il^ZT^ "J^S" ™ reaction with *• 

complex. When such an intermediate is formed "« Sex havS » t ? ra * oact,ve tta ™«°n metal nitride hetero- 
out producing an optical isomer, etc in SZSl 9 ^ COord,nat,on O 60 ^ can be obtained with- 
donating atom pair subsequent exchange react.on with the bidentate ligand having an electon- 

there can be exemplified [N", S ] [O S S, S-Trn ^^^r^" 3 * 0 " °' ^"-donating atoms 

• ST. [O-. ST, [S-. STJN-. S]. [N. ST [O SI ro 6l I rn -iS ?w E L, r ^ 1 amp,6S ° f the combination are (NT 
ligand itself preferablycomp^ 

be exemplified sugars, amino acids fatty adds hormor LTnSSS; 1 ph >' s,oloa,ca,l >' actlv e substance, there can 

ligand capable of forming various JSSJZ^JSSS pi0 ™ abi * *c. A bidentate 

a physio.ogica.ly active substance w^thfa^ Ca " be obtained * combining such 

can be exempt cysteine, esters such ^^IS^^ 
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? noethanethiol (H 2 N-CH 2 CH 2 -SH). etc. As compounds having a combination of electron-donating atoms [S, S~], there 
can be exemplified dithiocarbamic acid [H 2 N-C(=S)-SH]; dithiocarbamic acid derivatives such as N-methyl-S-methyl 
dithiocarbamate [HN(CH 3 )-C(=S)-SCH 3 ], N-diethyl dithiocarbamate [(C 2 H 5 ) 2 N-C(=S)-SH], N-ethyl dichiocarbamate 
[HN(C 2 H 5 )-C(=S)-SH] and N-ethoxy-N-ethyl dithiocarbamate [C 2 H 5 ON(C 2 H5)-C(=S)-SH], etc.; dithiocarbazic acid 

5 derivatives such as N-ethyl dithiocarbazate [H 2 N-N(C 2 H 5 )-C(=S)-SH] and N-methyl-S-methyl dithiocarbazate, [H 2 N- 
N(CH 3 )-C(=S)-SCH3], etc.; and [(cydopentadienyl)(dithiocarbonylcyclopentadienyl)iron(ll)] {Fe(C5H5)[C 5 H4C=S(SH)]}. 
etc. As compounds having a combination of electron-donating atoms [N,N], there can be exemplified ethylenediamine 
and phenylenediamine derivatives, etc. As compounds having a combination of electron-donating atoms [O.O], there 
can be exemplified salicylic acid, etc. As compounds having a combination of electron-donating atoms [O.N], there can 

w be exemplified glucosamine, etc. Although these compounds themselves are physiologically active, other physiologi- 
cally active substances such as sugars, amino acids, fatty acids, hormones, peptides, and receptor-attachable ligands 
may be bonded to the compounds. 

[0024] The radioactive transition metal nitride heterocomplex of the present invention is produced by obtaining at first 
an intermediate [(MsN)X] int of the transition metal nitride complex having the tbp geometry or a pseudo-tbp geometry, 
75 from an oxide of a radioactive transition metal M and the above-exemplified diphosphine or diarsine compound X, and 
then reacting the intermediate with a bidentate ligand Y having the above- exemplified combination of electron-donating 
atoms. 

[0025] In detail, the reactions are carried out as follows: 

(> MCV + X + D-»[(M-N)X] int (1) 

[(M-N)X] im . + Y^(M-N)XY (2) 

wherein D is a nitrogen donor for forming the metal nitride. The nitrogen donor D is selected from the compounds having 
25 the >N-N< functional group. As a nitrogen donor D, there can be exemplified carbazic acid and carbazic acid derivatives 
such as N-methyl-S-methyl dithiocarbazate (H 2 N-N(CH 3 )- C(=S)SCH 3 ), S-methyl dithiocarbazate (H 2 N-NH- 
C(=S)SCH 3 ). N-methyl-S-2-propionic acid dithiocarbazate (H 2 N-N(CH 3 )-C(=S)SCH(CH 3 )COOH), etc.; hydrazine and 
hydrazine derivatives; hydrazide derivatives such as succinic acid dihydrazide, acetyl hydrazide. isonicotinic acid 
hydrazide; and sodium aside, etc. There are preferably used as a nitrogen donor D, N-methyl-S-methyl dithiocarbazate, 
30 succinic acid dihydrazide, acetyl hydrazide, isonicotinic acid hydrazide, sodium azide, etc. Although a single compound 
may be used as a nitrogen donor D, the yield of the intermediate can be increased by using different compounds as a 
nitrogen donor D simultaneously or successively. In the intermediate-producing reaction represented by the expression 
(1), a reducing agent such as tin(ll) chloride, sodium dithionate or the like may be co-used. As the oxide of the transition 
metal M, there are used """TcCV, 186 Re0 4 ' t 188 Re0 4 " , etc. 
35 [0026] Stricter control of the coordination of the physiologically active molecule with the transition metal nitride is very 
important for determining properties of the resulting radiopharmaceutical. In the above expression (1), when the pH of 
a reaction solution is in the acidic range, there is obtained a mixture of intermediates formed by the coordination of CI" 
, OH" or the like with the coordination position remaining after the coordination of a bisphosphine compound. Therefore, 
an intermediate having a single geometry can be obtained by adjusting the pH to 7 to 10 in the presence of a pH buffer 
solution, so that the exchange reaction can be more strictly controlled. 

[0027] The intermediate-producing reaction is carried out at room temperature to 150°C and at an acidic pH for 10 to 
30 minutes. 

[0028] The exchange reaction with the ligand represented by the above expression (2) is carried out by cooling the 
intermediate produced in the expression (1) to room temperature to 50°C, and then adding a buffer solution such as an 
45 HC0 3 " /C0 3 2 " buffer to adjust the pH to 7 to 10, preferably about 8. The buffer solution is not limited in kind so long as 
it can maintain the pH at 7 to 10. There are also used sodium phosphate buffers such as potassium dihydrogenphos- 
phate/disodium hydrogenphosphate, potassium dihydrogenphosphatefeodium hydroxide, etc. 

[0029] The stoichiometric ratio of the ligand X to the bidentate ligand Y, X/Y affects the yield of the radioactive metal 
nitride heterocomplex to be obtained. A suitable ratio of X to Y varies depending on the combination of X and Y. For 

so example, when X is of a PNP type, the stoichiometric ratio X/Y is not particularly limited in the case where the bidentate 
ligand Y is N-methyl-S-methyl dithiocarbazate. aminoethanethiol, cysteine ethyl ester, 1-thio-p-D-glucose or thiosali- 
cylic acid. However, in the case of using dimethyldithiocarbamate, N-diethyl dithiocarbamate, N-ethoxy-N-ethyl dithio- 
carbamate. when the ratio is in a range of X/Y < 1 , a complex having two molecules of the bidentate ligand Y as 
substituents. 99m Tc(N)(Y) 2 is produced as a by-product, resulting in a decreased yield of the objective asymmetrical 

55 radioactive metal nitride heterocomplex. Therefore, the conditions are preferably chosen so that the ratio may be in a 
range of X/Y ^ 1 . 

[0030] As another method for preventing the production of the complex having two molecules of ligand Y as substit- 
uents, 99m Tc(N)(Y) 2 , there is thought of a method of increasing the steric hindrance of Y. For example, when [(cyclopen- 
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tadienyl)(dithiocarbonylcyc!opentadienyl)-iron (ll)l (hereinafter referred to a* FrC<z\ ic v 

a produce o. a con** SL, 9 ^ '£2Z2%£ yT^^^^^I ^"T* »»' 

[0031] The transition metal nitride heterocomDlex obtained hv . JL 

the expression (2) can be formulated ^1^2 HlZT - " *? eXPr6SSi ° n 0) and 

being, the dosage thereof is 37 MBq to 1 850 M £ oTeSlv 185 M^tn?^n mS" 06 ' S adm,nist6red to a h "™" 
99"> Tc . ^ 1 W,> P feiera »y -85 MBq to 740 MBq, m terms of the radioactivity of 

[0033] The dosage of a radiopharmaceutical for therapy obtained by usinq a 186 Re- or i88 Rd lahai ^ 

ESS 1 8 T?° U^k Preferab,y 370 MBQ t0 7 ' 4 °° MB ^' n terms * th'e radioac,^ " Re - |abe,6d Substance « s 37 

Sso^e^rs 

WORKING EXAMPLES 



Diphosphine compounds X: 
35 [0037] 



40 



45 



PNP 

PNP1 

PNP2 

PNP3 

PIMP4 

PNP5 

POP 

POOP 

PSP 



(C 6 H 5 ) 2 PCH 2 CH 2 N(C 2 H 5 )CH 2 CH 2 P(C 6 H 5 ) 2 

(C 6 H 5 ) 2 PCH 2 CH 2 N(CH 2 CH 2 OCH 3 )CH 2 CH 2 P(C 6 H 5 ) 2 2 6 5,2 

(C 6 H 5 ) 2 PCH 2 CH 2 N(CH 2 CH 2 CH 2 CH 3 )CH 2 CH 2 P(CeH 5 ) 2 3,2 

(C 6 H 5 ) 2 PCH 2 CH 2 N(CH 2 COCH 3 )CH 2 CH 2 P(C 6 H 5 ) 2 

(C 6 H 5 ) 2 PCH 2 CH 2 OCH 2 CH 2 P(C 6 H 5 ) 2 

(C 6 H 5 ) 2 PCH 2 CH 2 OCH 2 CH 2 OCH 2 CH 2 P(C 6 H 5 ) 2 

(C 6 H 5 ) 2 PCH 2 CH 2 SCH 2 CH 2 P(C 6 H 5 ) 2 



Bidentate ligands Y: 
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[0038] 

DTC 
NS 

CysOEt 
tsa 

DEDC 
NOEt 

P-giu 

FcCS 



N-methyl-S-methyl dithiocarbazate 

aminoethanethiol 

cysteine ethyl ester 

thiosalicylic acid 

N-diethyl dithiocarbamate 

N-ethoxy-N-ethyl dithiocarbamate 

1-thio-p-D-glucose 

[(cyclopentadienyl)(dithiocarbonylcyclopentadienyl)iron(ll)] 
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Example 1 Reaction for producing an intermediate 

[0039] in a vial containing 5 mg of succinic acid dihydrazide (hereinafter abbreviated as SDH) were placed a solution 
obtained by dissolving 1 .5 mg of bis(diphenylphosphinoethyl)ethylamine (PNP) in a mixture of 0.6 ml of ethanol and 0.1 
5 ml (1 .0 mol/l) of an aqueous hydrochloric acid solution, and then a physiologically acceptable 99m Tc0 4 " solution (0.5 ml, 
50 MBq). 

[0040] The resulting mixture was heated at 80°C for 20 minutes. The intermediate complex thus obtained was ana- 
lyzed by high performance thin layer chromatography (HTLC) and high performance liquid chromatography (HPLC). 
Fig. 1 and Fig. 2 show radiochromatograms of the complex each of which was obtained by development on a silica gel 

io plate with an ethanol/chloroform/benzene (0.85/2/1.5) mixture. Three peaks appeared in the chromatogram obtained 
under acidic conditions, indicating that three products were obtained (Fig. 1). On the other hand, when the pH was 
adjusted to about 8 or higher, a single peak appeared in the chromatogram (Fig. 2). From these facts, the following can 
be speculated: under the acidic conditions, the coordination positions remaining after the coordination of PNP are occu- 
pied by an unstable ligand such as CI" or a water molecule; and when the pH is changed to about 8 or higher, such a 

15 ligand is replaced by an OH group, so that a single peak appears. 

Example 2 Reaction of 1 -thio-p-D-olucose (fi-alu) with the intermediate 

[0041] In a mixture of 0.6 ml of ethanol and 0.1 mg (1 mol/l) of an aqueous HQ solution were dissolved 5 mg of SDH 
f' Y and 1.5 mg of PNP, followed by adding thereto a physiologically acceptable 99m Tc0 4 ~ solution (0.5 ml,50 MBq). The 
resulting mixture was heated at 80°C for 20 minutes and then cooled to 40°C, after which 0.25 ml of HC0 3 7C0 3 2 * buffer 
was added thereto to adjust the pH at about 8.0. Subsequently, a solution of 0.5 mg of p-glu in 1 .5 ml of water was 
added. The complex finally obtained was analyzed by HTLC and HPLC. Fig. 3 shows a radiochromatogram of the com- 
plex which was obtained by development on a silica gel plate with tetrahydrofuran. The radiochemical purity of the final 
25 complex was higher than 95%. The complex contained a Tc^N group in which a PNP bidentate ligand was coordinated 
with the metal ion at trans conformation and p-gtu. i.e., another bidentate ligand containing a dianion was coordinated 
with the remaining two positions at cis conformation through the electronegative sulfur atom and the oxygen of a 
hydroxyl group which had lost a proton. The complex was stable. 

30 Example 3 Reaction of thiosalicviic acid (tsa) with t he intermediate 

[0042] In a mixture of 0.6 ml of ethanol and 0. 1 mg (1 mol/l) of an aqueous HCI solution were dissolved 5 mg of SDH 
and 1.5 mg of PNP, followed by adding thereto a physiologically acceptable 99m Tc0 4 " solution (0.5 ml, 50 MBq). The 
resulting mixture was heated at 80°C for 20 minutes and then cooled to room temperature, after which 1 ml of sodium 
35 phosphate buffer (0.05 mol/l) was added thereto to adjust the pH to about 7.8. Subsequently, a solution of 5.0 mg of tsa 
in 0.20 ml of ethanol was added, and the resulting mixture was allowed to stand at room temperature for 5 minutes. The 
complex finally obtained was analyzed by HTLC and HPLC. Fig. 4 shows a radiochromatogram of the complex which 
was obtained by development on a silica gel plate with an ethanol/chloroform/benzene (0.7/2/1.5) mixture. The radio- 
4 chemical purity of the final complex was higher than 95%. The complex contained a Tc^N group in which a PNP biden- 
I Jio tate ligand was coordinated with the metal ion at trans conformation and a dianion tsa as a bidentate ligand was 
coordinated with the remaining two positions through the electronegative sulfur atom which had lost a proton and the 
oxygen of the carboxyl group which had lost a proton. The solution of the complex was stable. 

Example 4 Reaction of N-ethoxv-N- ethyl dithiocarbamate (NOEt) with the intermediate 

45 

[0043] In a mixture of 0.6 ml of ethanol and 0.1 mg (1 mol/l) of an aqueous HCI solution were dissolved 5 mg of SDH 
and 1.5 mg of PNP, followed by adding thereto a physiologically acceptable 99m Tc0 4 * solution (0.5 ml, 50MBq). The 
resulting mixture was heated at 80°C for 20 minutes and then cooled to room temperature, after which 1 ml of sodium 
phosphate buffer (0.05 mol/l) was added thereto to adjust the pH to about 7.8. Subsequently, a solution of 5.0 mg of 

50 NOEt in 0.50 ml of water was added, and the resulting mixture was allowed to stand at room temperature for 5 minutes. 
The complex finally obtained was analyzed by HTLC and HPLC. Fig. 5 shows a radiochromatogram of the complex 
which was obtained by development on a silica gel plate with an ethanol/chloroform/benzene (1/2/1.5) mixture. The 
radiochemical purity of the final complex was higher than 95%. The complex contained a Tc=N group in which a PNP 
bidentate ligand was coordinated with the metal ion at trans conformation and a monoanion NOEt was coordinated with 

55 the remaining two positions through the two sulfur atoms of the CS^ group. The solution of the complex was stable. 
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ExamgjeS Reaction of each of cysteine (Cys) and nvstP.np ^ r (CvsOFt) wjjh * he intermix** 

resulting mixture was heated at 80'C for 20 minxes anS ftE ^coo^S to Si t. 4 1 °« ( °' 5 ml ' 50 MBc >>- The 
Phosphate buffer (0.05 mo*) was added ££££2 "a PH to ^i'sK^SELS 
Cys ,n 0.50 ml of water was added, and the resorting mixture was allowed to stand £S SLSJ^^i^tf 

that the carboxy. group of Cys did not ParticTpSe in « — *■* 

men, of the OH group of the carboxyl group of Cys by an ethoxy gr^nd IT^^ ^Zrt S£3 ^ T" 
ob»a l nedfromtheligand(CysO E ,)washigherthan93 % (rig. 7 ) y LuLsof^ 
Example 6 Reaction of a tetrapeptide Cvs-I v S -Prn-v a i-MM 2 wit h the intermit* 

tetrapeplide Cys-Lys-Pro-Va.-NH, in olom « ?££ w^adS^ ^^^i 8 f B ^? k 3 * 10 m9 ° f 3 

room temperature for 30 minutest conplexISy oS^S^^^pT? Fi^L^ 

ion at trans conformation and a dianionic tetrapepfide^ga^^ ^coo^i^S w^KoT With the m6tal 

the sulfur atom which had lost a proton and the ZZTatonoi^?^ * lhe rema,n,n 9 two positions through 
The solution of the complex was stable m,nal CySte ' ne readue which had lost a P' 0 *™- 

Example 7 Reaction for p ro ducing an intermediate 

[0048] A solution of 1.0 mg of DTC and 3.0 mg of X (X = PNP1 , PNP2 PNP4 PNPs pop or poop, ■ 

<5 [0050] TLC (a silica gel plate) was carried out using the following mobile phase: 

ethanol/chloroform/benzene (1.5/2/1.5; Rf = 0.53), or 
ethanol/chloroform/toluene/ammonium acetate (0.5 M) (5/3/3/1; Rf « 0.68). 

Example 8 Reaction for pro ducing an intermediate 

PNP5 POP or 5 in ^Tf I' 3 ? IU,i ° n ° f 50 m9 ° f SDH and 3 0 "9 of X (X = PNP1 . PNP2 PNP4 

was found but all the intermediates^ m£"es Sn 1 O^o D ^ 
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t as that of the compound obtained in Example 7, which is indicated that the two compounds were identical. Thus, it is 
indicated that DTC is useful as a nitrogen donor D, at the same time that DTC is also useful as a bidentate ligand Y. 

Example 9 Reaction for producing an intermediate 

5 

[0053] In the same manner as in Example 7, a solution of 5.0 mg of DTCOOH (N-methyl-S-2-propionic acid dithiocar- 
bazate) as nitrogen donor D and 3.0 mg of a diphosphine compound X (X = PNP1 , PNP2, PNP4, PNP5, POP or POOP) 
dissolved in 0.1 ml of ethanol, 0.1 ml of an aqueous hydrochloric acid solution (1.0 mol/l) and 1.0 ml of 99m Tc0 4 Na 
(approximately 400 MBq) were placed in a vial. After the vial was kept at room temperature for 15 to 30 minutes, the pH 
10 was adjusted to 10 by adding 0.25 mg of NaHC03/Na 2 C0 3 (0.5 M). 

[0054] Each of the resulting intermediates was subjected to TLC (a silica gel plate). All of the intermediates obtained 
by using the different diphosphine compounds X showed a single peak and their yields were 98% or more. 

Example 10 Reaction for producing a complex 

15 

[0055] For investigating the influences of a diphosphine compound x and a bidentate ligand Y on a reaction for pro- 
ducing an asymmetrical radioactive metal nitride heterocomplex, a reaction for producing an intermediate of the formula 
(I) was carried out and then the pH of the reaction solution was adjusted by adding a buffer solution 
(NaH 2 P04/Na 2 HP04, pH = 7.4 or NaHC0 3 /Na 2 C0 3 , pH = 10). after which a suitable bidentate ligand Y was added and 
i ~ y a vial containing them was kept at room temperature. The finally obtained complex 99m Tc(N)(X)(Y) was monitored by a 
TLC. 

[0056] SDH was used as a nitrogen donor D, each of PNP1, PNP2, PNP4 and PNP5 was used as the diphosphine 
compound X, and each of DTC, NS, CysOEt, tsa and p-glu, having a combination of electron-donating atoms [NH'.S], 
[NH, S ] or [O". S"]. was used as the bidentate ligand Y 

25 [0057] A solution of 5.0 mg of SDH and 3.0 mg of X (X = PNP1, PNP2. PNP4 or PNP5) dissolved in 1 ml of ethanol, 
0.1 ml of an aqueous hydrochloric acid solution (1.0 mol/l) and 1.0 ml of 99m Tc0 4 Na (approximately 400 MBq) were 
placed in a vial and the resulting mixture was kept at room temperature for 30 minutes. After the mixture was adjusted 
to pH 10 by adding 0.25 mg of NaHC03/Na 2 C0 3 (0.5 M), 0.7 mg of NS was added thereto. A complex 99m Tc(N)(X)(NS) 
was instantaneously formed, and its yield was 95% or more. Also when a bidentate ligand Y other than NS was used, 

30 a complex was instantaneously formed in the same yield as above. 

[0058] When each of the complexes thus obtained was subjected to TLC (a silica gel plate), it showed a single peak. 
The TLC (a silica gel plate) was carried out using the following mobile phase: ethanol/chloroform/benzene (1.5/2/1.5; 
Rf = 0.45), or ethanol/chloroform/toluene/ammonium acetate (0.5 M) (5/3/3/0.5; Rf = 0.52). 

35 Example 11 Reaction for producing a complex 

[0059] Using each of PNP1, PNP2, PNP4 and PNP5 as a diphosphine compound X and each of DEDC, NOEt and 
FcCS, having a combination of electron-donating atoms [S", S], as a bidentate ligand Y, their influences on the formation 
of a complex were investigated. A typical process is described below by taking the case where Y is DEDC. 
I jo [0060] A solution of 5.0 mg of SDH and 3.0 mg of X (X = PNP1, PNP2, PNP4 or PNP5) dissolved in 1 ml of ethanol, 

0. 1 ml of an aqueous hydrochloric acid solution (1.0 mol/l) and 1.0 ml of 99m Tc0 4 Na (approximately 400 MBq) were 
placed in a vial and the resulting mixture was kept at room temperature for 30 minutes. After the mixture was adjusted 
to pH 10 by adding 0.25 mg of NaHC0 3 /Na 2 C0 3 (0.5 M), 0.2 mg of DEDC was added thereto. A complex 
99m Tc(N)(X)(DEDC) was instantaneously formed, and its yield was 90% or more. 

45 [0061 ] When each of the complexes thus obtained was subjected to TLC (a silica gel plate), it showed a single peak. 
The TLC (a silica gel plate) was carried out using the following mobile phase: ethanol/chloroform/benzene (1.5/2/1.5; 
Rf = 0.34), or ethanol/chloroform/toluene/ammonium acetate (0.5 M) (5/3/3/0.5; Rf = 0.75). 

[0062] In the case that DEDC or NOEt was used as bidentate ligand, when the amount of the bidentate ligand Y used 
was increased, the formation of an asymmetrical 99m Tc nitride heterocomplex is accompanied by a 99m Tc(N)(Y) 2 -pro- 

so ducing reaction as side reaction, but the amount of 99m Tc(N)(Y) 2 produced varied depending on the ratio of X to Y and 
was not dependent on the absolute amount of Y That is. in the case of the bidentate ligands Y used in the present 
example, whichever diphosphine compound was used, the yield of the asymmetrical 99m Tc nitride heterocomplex was 
high when the stoichiometric^ ratio of the diphosphine compound X to the bidentate ligand Y. X/Y is in a range of X/Y 
^ 1 . In the case where X/Y < 1 . a compound having two molecules of the bidentate ligand as substituents. 99m Tc(N)(Y) 2 

55 was produced in a large amount, so that the production of the asymmetrical 99m Tc nitride heterocomplex was 
decreased. When a bidentate ligand FcCS was used, 99m Tc(N)(Y) 2 was hardly produced. In the case where X/FcCS = 

1 , the proportion of 99m Tc(N)(Y) 2 produced was 5% or less. 

[0063] When DEDC was used as a bidentate ligand, the relation of the ratio of X/Y, the amount used for X and Y, and 
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the yield of 99m Tc(N)(PNP1)(DEDC) is shown below. 



5 



10 



X/Y 


X(mg) 


Y(mg) 


Yieid(%) 


15 


3.0 


0.2 


90 


10 


10.0 


1.0 


78 


1U 


5.0 


0.5 


76 


10 


3.0 


0.3 


81 


1 


10.0 


10.0 


46 


1 


5.0 


5.0 


50 


1 


3.0 


3.0 


52 


0.3 


3.0 


10.0 


26 


0.1 


1.0 


10.0 


20 


0.1 


0.5 


5.0 


21 



Example 12 Reaction for producion a oomp ^y ; 
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40 



[0064] Using POP as a diphosphine compound X and each of DTC. DEDC NOEt tsa FcCS B-olu r„*r>Pt a „H mq 
SETS.* T nS" 9 a 99^ P,eX ""T^XXY) in the same manner as in Example 10 P ^ 

o^erOE^cTS 



Example 13 Reaction for producing a comp ly 



[0066] Using POOP as a diphosphine compound X and each of DTC, DEDC NOEt tsa FcCS fi-nl.. r ue np ( =«w 

[0067] When POOP was used, a " m Tc nitride heterocomplex 99m Tc(N)(POOP)(Y)°' + was obtained without nmn, 
uon of a complex having two mo.ecu.es of Y as substituents. whichever biLtatellgand was CsS P °" 

Example 14 Biodistribution 



45 



55 



[0068] The biodistribution of a 99m Tc nitride heterocomplex represented by the general formula ^twwv^/vx 

SEE? aS h f ° IIOWS: ^ "r 6 heterocom P'— ^ synced using oTaTa SSL Ngl^ 

oHhe d.phosphme compounds X described below, and the biodistribution in rats of each heteroloSIsTnveS 

[0069] The 99m Tc nitride heterocomplexes of 99m Tc(N)(X) (DTC) + tvoe were svnthesi«>H .^i™ - 
diphosphine compounds POP. PNP1.PNP2 and PNP3: synthes.zed us.ng each of the fo.low.ng 



so POP 
PNP1 
PNP2 
PNP3 



(C 6 H 5 ) 2 PCH 2 CH 2 OCH 2 CH 2 P(C 6 H 5 ) 2 
(C 6 H 5 ) 2 PCH 2 CH 2 N(CH 2 CH 2 CH 3 )CH 2 CH 2 P(C 6 H 5 ) 2 
(C 6 H s ) 2 PCH 2 CH 2 N(CH 2 CH 2 OCH 3 )CH 2 CH 2 P(C 6 H 5 ) 2 
[CH 3 0(CH 2 )3] 2 PCH 2 CH 2 N(CH 2 CH 2 OCH 3 )CH 2 CH 2 P-[(CH 2 ) 3 OCH3] 2 



Production of ^Tc nitride hfttftrooomp iovac &n n c m(X\ (DTC.X ± 

[0070] In a vial containing 1 .0 mg of DTC. a solution of 0. 1 mg of SnCI, in 0 1 ml of water 1 o ml of etha^i *«h , o 
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ft . to stand at room temperature for 30 minutes or at 80°C for 1 5 minutes. The yield of the complex was 90% or more. The 
thus obtained complexes were identified by a reversed-phase chromatography under the following conditions; column 
used: PRP-1 Hamilton column, mobile phase: [NH 4 ][CH 3 COO] (0.1 M)/CH 3 CN (containing 0.1% THF) = 90/10. flow 
rate: 0.5 ml/min. 

5 

Measurement of biodistribution 

[0071 J Before being injected into rats, the contents of the vial were diluted with phosphate buffer (0.1 mol/dm 3 , pH = 
7.06) containing 10% Tween 80 (polyoxyethylenesorbitane monostearate). The complexes were stable in the solutions 

io and in human plasma for at least 6 hours. 

[0072] The biodistribution was measured using male Spraque-Dawley rats (SD rats) weighing 200 to 250 g. After 24 
hours fasting, the rats were put under intraperitoneal anesthesia and given an injection in the jugular vein. Then, the 
organs were excised from the rats at different intervals of time, washed and then weighed. In addition, blood samples 
were collected and then weighed. The data on the biodistribution are expressed as the mean ± significant difference of 

75 the percentage of radioactivity level per gram of the organ weight based on the dose of radioactivity, (% dose/g). The 
measurement was carried out using groups of 5 rats each. The measurement results are shown in Tables 1 to 4. 
[0073] Since the structures of the heterocomplexes used in the experiment are the same except for the different por- 
tion derived from the diphosphine compound, it can be speculated that the difference of the biodistribution reflects the 
difference of the diphosphine compound. The diphosphine compounds used in the experiment can be represented by 
£ y> the formula R 2 P-CH 2 CH 2 -Z-CH 2 CH 2 -PR2 in which two groups R are bonded to each phosphorus atom and a crosslink- 
ing group Z is bonded to two ethylene groups. When R is a phenyl group and the group Z is each of various groups Z=0, 
>N-CH 2 CH 2 CH 3 and >N-CH 2 CH 2 OCH 3 , the biodistribution of all the complexes did not exhibit any significant accumu- 
lation of the complexes in brain and heart. The complexes were relatively rapidly washed out from lung and blood, and 
the complexes were eliminated through the liver and the kidney. 

25 [0074] A complex 99m Tc(N)(PNP3)(DTC) + obtained by replacing R by -CH2CH 2 CH 2 OCH 3 and using >N- 
CH 2 CH 2 OCH 3 as Z was accumulated particulary in heart in a very large amount which was substantially constant 
throughout the measurement. This complex was rapidly washed out from lung and blood, and was relatively rapidly 
eliminated from kidney and liver. Thus, it is indicated that the complex is easily metabolized. Such marked accumulation 
in heart suggests that 99m Tc(N)(PNP3)(DTC) + or its derivative can be used as a radiopharmaceutical diagnostic imag- 

30 ing for blood flow in myocardium. 

Example 15 Synthesis of a bidentate liaand cvsteine-desipramine and a ^^Tc nitride hetero-complex thereof 
Synthesis of cysteine^ esipramine 

35 

[0075] According to the synthesis scheme shown in Fig. 9, cysteine-desipramine (hereinafter abbreviated as DESI) 
was syntesized by bonding cysteine to desipramine, a derivative of imipramine which is a physiologically active sub- 
stance having antidepressant effect. 

[0076] The bidentate ligand DESI is formed by amide linkage between the carboxyl group of cysteine and the terminal 
t jta nitrogen atom of desipramine. 

Synthesis of a complex 

[0077] Using PNP3 as a diphosphine compound X and DESI as a bidentate ligand Y, a 99m Tc nitride hetero-complex 
45 (hereinafter abbreviated as 99m TcN-DESI) was synthesized as follows. 

(1) In a vial containing a suspension of 5 mg of SDH and 0.1 mg of SnC^ in 0.1 ml of physiological saline was 
placed 0.250 ml of 99m Tc0 4 Na (50.0 MBq to 3.0 GBq) and then 1 .0 ml of ethanol, and the vial was allowed to stand 
at room temperature for 15 minutes. Subsequently, to the resulting solution were added a solution of 3.0 mg of 

so PNP3 in 0.1 ml of ethanol and a solution of 5.0 mg of DESI in 0.1 ml of water, and the vial was heated at 100°C for 
15 minutes. The radio-chemical purity of the thus obtained complex was 95% or more. 

(2) The same complex as in (1) was synthesized by a one-stage process comprising placing 99m Tc0 4 Na, SDH, 
SnCI 2 , PNP3 and DESI in the same vial in the following manner. In a vial containing 1.0 ml of ethanol and 0.5 ml of 
physiological saline were placed 5 mg of SDH, 0.1 mg of SnCI 2 . 33.0 mg of PNP and 5 mg of DESI, and then 0.250 

55 ml of 99m Tc0 4 Na (50.0 MBq to 3.0 GBq). The vial was heated at 100°C for 30 minutes. The radiochemical purity of 
the thus obtained complex was 90% or more. 
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Analysis 



[0078] The obtained 1 99m TcN-DESI complex was identified by thin lager chromatography (TLC) high performance lio- 
ukJ chromatography (HPLC). electrophoresis and ion exchange chromatography. ^L^SSS^L 



follows 
JLC 



[0079] Silica gel plate; mobile phase: ethanol/chloroform/benzene (1 .5/2/1.5), Rf = 0.19. Reversed phase (C18 otateV 
mobile phase: methanol/acetonitrileAetrahydrofuran/ammonium acetate (0.5 mol/cc). Rf = 031 



HPLC 



« /r ST? ? 3 periormance chromatography apparatus manufactured by Beckman Reversed 

« phase (C 18 plate); elution: 1 ml/min. (A) triethylamine (NEt 3 ) 0.1 M, pH = 3 (containing 1 M HaPo3(S«E3S? 

r n comp,ex was 25 minutes ' whi,e that ° f the ,igand not mad " the ^ 

» [0081] Carried out by the use o^ 

There was not observed any electrophoretic migration indicating that the complex was neutral. V 

Ion exchange chromatography 

25 (CoSffCH ^CH i'S'S r6Sin: SS ^ Pa . k CM (C °° Na) - i,,P ° re - aniQn eXChan 9 e resin: Se P- p a" QMA 
(CONH(CH 2 ) 3 N(CH 3 )3 CI). Millpore. reversed phase column: Sep-Pak C18. Millpore. The complex was retained in an 

1Z?JL a m rf ? : *? cation exchan9e resin - about 60% in the anion e ^"9e «?S^hT!rS^ 

phase column. The high retenfon rate in the reversed phase column suggests that the complex is high .^ophfe 
so Structure of ^TcN-DES! 

[0083] From the above experiments, it was conjectured that the structure of 99m TcN-DESI is as shown in Fig. 1 0. 
Example 16 Biodistrihntinn nf 2Snn>M.ngQi 

35 

biodis,ribution of 99m TcN-DESI in SD rats obtained in Example 15 was measured 
[0085] Before being injected into the rats, the "-"TcN-DESI was separated and nnrif^ *Z ft 

SES^E b LT-?J he active insredient 01 •» ^ S 

tndge activated with 5 ml of 95% ethanol. The final active ingredient was recovered wrth 95% «n3^dSu2 
40 physiological saline containing 1 0% Tween 80. etnanoi and diluted with 

KLJSnSu T. & dM ? d im ° ^ 9r0UpS> group A and 9 rou P B lnto each r ^ ^ 9roup A was injected 20 uCi of 

.5 E2. JES r' 9 i7 ^ 250 9 W6re PUt Under intra P e "'to^al anesthesia with a mixture of xylazine (18 ma/kq) 

' h"*? - T n ^ injeCti ° n in ,he ju9U ' ar veia Then ' the <*9*™ ^ain. heart. \ung iter 22? 
tadney. muscle, adrenal and submaxillary gland) were excised from the rats at different intervals of time washS and' 
then weighed. In addition, blood samples were collected and then weiahad Th» ^ ™1 u "L L ! 

based on the dose of radioactivity. (% dose/g). The measurement was carried out using groups of sJSSJTS 
so measurement results are shown in Tables 5 to 8. 9 P each - The 

a^it Si ""^N^ 81 com P , « was accumulated in heart in a considerable amount and in adrenal in a very large 
group B to which unlabeled desipramine had been administered, but It was sodcifiealV 

55 r^rs^ 
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Table 1 
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("> 



Biodistribution of 99m Tc(N)(POP)(DTC) + in Rats 


Time 


Blood %dose/g 


Brain %dose/g 


Heart %dose/g 


Lung %dose/g 


Liver %dose/g 


Spleen 
%dose/g 


0 min 


2.61710.04 


0.14210.14 


0.92310.04 


2.79210.18 


3.66210.43 


2 20210 07 


2 min 


1.254±0.19 


0.07310.00 


0.7310.07 


2.38710.08 


4.821+0.71 


3 587+0 99 


10 min 


0.542±0.02 


0.02910.00 


0.43410.05 


1.19+0.40 


6.16110.47 


3 538+0 70 


30 min 


0.547±0.01 


0.02310.00 


0.42810.05 


1 0510 13 


6 199+0 15 


2 07+O 55 


1 hr 


0.261±0.14 


0.01910.00 


0.4210.05 


0 77110 09 


5 12810 15 


3 542+1 2*3 


2 hr 


0.145±0.01 


00181001 


0 384+0 00 


0 757+0 05 


3 05+0 07 


4 32+0 1 Q 


4 hr 


0.125±0.00 


0 01+0 00 


0 303+0 01 






*5 nQ4+n ^n 


Time 


Stomach 
%dose/g 


Kidney %dose/g 


Muscle 
%dose/g 


Intestine 
%dose/g 


Bone %dose/g 




0 min 


0.522±0.09 


3.14110.35 


0.08710.00 


0.48210.02 


0.22510.01 




2 min 


0.49310.02 


5.95210.74 


0.07510.00 


0.58110.06 


0.214+0.05 




10 min 


0.65310.06 


4.80510.51 


0.06910.01 


0.93410.03 


0.30610.07 




30 min 


0.21610.01 


3.2511.12 


0.08310.03 


0.6410.00 


0.2110.02 




1 hr 


0.9441O.16 


5.05410.18 


0.06810.01 


1.23610.03 


0.32710.02 




2hr 


1.85710.22 


5.14510.11 


0.06610.03 


1.47810.09 


0.29610.01 




4hr 


1.7410.01 


1.74510.11 


0.06710.00 


1.84310.02 


0.321+0.01 
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Table 2 



Biodistribution of 99mTc(N)(PNP1)(DTC)+ in Rats 



Time 


Blood %dose/g 


Brain %dose/g 


Heart %dose/g 


Lung %dose/g 


Liver %rirviA/n 


opieen 
%dose/g 


0 min 


2.125+0.3 


0.143+0.02 


1.23610.08 


5.81510.04 


3 503+O A9 

\J . 1*1/ m ^ 


i .y4c5±rj.20 


2 min 


1.06210.13 


0.08610.00 


0.82410.01 


4.65310.65 




4.459+0.09 


10 min 


0.495+0.01 


0,041+0.00 


0.79510.06 


3.19110.60 


5 795+0 n^ 


'.dOfZXj.OO 


30 min 
ThT 


0.285±0.01 


0.02710.00 


0.513+0.07 


2 089+0 16 




5.884+2.7 




0.311±0.03 


0.019+0.00 


0.55±0.04 


1.58610.16 




6.71111.27 


2hr 


0.22±0.05 


0.025+0.00 


0.603+0.05 


1.716+0 23 




4.74711.78 


4hr 


0.137±0.02 


0.02110.00 


0.38210.04 


1.0810 16 




6.29411 .29 


Time 


Stomach 
%dose/g 


Kidney %dose/g 


Muscle 
%dose/g 


Intestine 
%dose/g 


Bone %dose/g 




0 min 


0.337±0.00 


2.66+0.05 


0.09810.00 


0.418+0.03 


0.24410.01 




2 min 


0.379+0.02 


4.14510.64 


0.08510.01 


0.47110.00 


0.234+0.06 




10 min 


0.438+O.03 


4.251+0.02 


0.12110.02 


0.704+0.08 


0.3+0.05 




30 min 


0.444+0.09 


4.09510.73 


0.10610.00 


1.10710.31 


0.324+0.05 




1 hr 


0625+034 


4.779+0.21 


0.30210.39 


0.89610.04 


0.398+0.12 




2hr 


O.776±0.O7 


5.32710.52 


0.11110.01 


0.977+0.42 


0.347+0.01 




4hr 


0.719±0.18 


4.28210.67 


0.07710.01 


0.906+0.24 


0.264+0.10 
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Table 3 



5 



10 



(> 



25 



Biodistribution of " m Tc(N)(PNP2)(DTC) + in Rats 


Time 
i ii i it; 


Diooa /ouu5c/y 


Drain ^AW/tea//i 

Didin /t»oose/g 


riean /wjose/g 


Lung ToOose/g 


Liver %dose/g 


Spleen 
%dose/g 


\J 1 1 III 1 




n 1 on+n nn 


1 ooo-i-n no 


0.00011). 94 


O O O C_l_n O 4 

3.385+0.81 


2.739±0.07 


2 min 


1 nor i n no 


n nr.r i n m 


0. /28+0.04 


2.040+0.234 


7.723±0.20 


5.018±0.02 


1 0 min 


n 'st^R+n hq 

u.OOOXU.UO 


n HAfVMi nn 


U. /oarU. 12 


i 4o 1±U. 1 U 


4.686±0.89 


5.334±0.10 


30 min 


0.333+U.03 


O.Q20+0.00 


0.652±0.19 


1.015±0.16 


7.341±0.38 


5.131±0.59 


I nr 


0.19±0.01 


0.025±0.00 


0.534±0.02 


1.011±0.01 


7.436±1 .44 


5.073±0.01 


^ nr 




U.Q2a±0.00 


0.51 1±0.05 


0.962+0.02 


4.061±0.64 


5.507±0.84 


A hr 

4 nr 


0.087+0.00 


0.018+0.00 


0.506±0.04 


0.670+0.09 


1.784±0.25 


5.055±0.02 


Tim© 


Stomach 
%dose/g 




t\Ai icrlo 

IVIUOUC 

%dose/g 


II H colli lc 

%dose/g 


Done /coose/g 




0 min 


0.752+0.09 


5.702±0.732 


0.134±0.01 


0.906+0.03 


0.209±0.01 




2 min 


0.0603±0.03 


4.941+0.60 


0.077±0.00 


1.694±0.18 ! 


0.265+0.04 




10 min 


0.517±0.16 | 


6.910+0.081 


0.064±0.02 


2.861±0.74 


0.268±0.10 




30 min 


1.135±0.298 


7.542+1.410 


0.103±0.02 


7.254±0.46 ! 


0.301±0.03 




1 hr 


0.932±0.12 


6.713±0.83 I 


0.075*0.01 


7.644+1.01 ; 


0.294±0.02 




2hr 


1.701±0.34 


6.799±1.348 


0.102+0.02 


6.442+0.59 


0.357±0.08 




4hr 


1.220±0.150 


7.471±0.03 


0.08±0.00 


4.054±0.39 


0.329±0.01 
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Table 4 







Biodistributi 


on of ^ m Tc(N)(PNP3)(DTC) + in Rats 


Time 


Blood %dose/g 


Brain %dose/g 


Heart %dose/g 


Lung %dose/g 


Liver %dose/g 


Spleen 
%dose/g 


0 min 


1.149+0.04 


0.096cfc0.00 


2.704+0.03 


2.133+O.03 


1.5+0.02 


1.68610.03 


2 min 


0.421+0.10 


0.03510.01 


3.007±0.16 


0.995+O.17 


2.77810.06 


1.215+0.1 


10 min 


0.147+0.02 


0.013+0.00 


2.506±0.10 


0.725±0.104 


1.71910.14 


0.85610.12 


30 min 


0.098±0.01 


0.012+0.00 


2.551±0.10 


0.446±0.00 


0.732+0.08 


0.550+0.06 


1 hr 


0.07110.00 


0.014+0.00 


2.155±0.29 


0.329+O.05 


0.500+O.01 


0.23810.02 


2hr 


0.04910.00 


0.009±0.00 


2.721±0.06 


0.312+O.2 


0.1 6410.04 


0.300+0.05 


4hr 


0.03010.00 


0.009±0.00 


2.503+0.13 


0.219+0.01 


0.155+0.00 


0.195+0.02 


Time 


Stomach 
%dose/g 


Kidney %dose/g 


Muscle 
%dose/g 


Intestine 
%dose/g 


Ron A °/rlnca/rt 

ovji its /ouose/g 




0 min 


1.12110.01 


8 28Q+0 n^ 


0.232+0.07 


2.578+0.350 


0.19810.03 




2 min 


0.740+0.02 


9.676+0.620 


0.264+0.09 


4.188+0.60 


2.242+0.02 




10 min 


0.85210.118 


6.55910.928 


0.252±0.01 


10.959±1.64 


0.204+0.00 




30 min 
Thr 


1.51 1±0.39 


5.354±1.00 


0.27310.05 


10.20111.28 


0.230+0.04 






0.892±0.085 


4.127±0.178 


0.236±0.04 


5.447+0.87 


0.099+0.00 




2hr 


1.52110.50 


3.139+0.20 


0.268±0.88 


2.720+0.11 


0.12110.00 




4hr 


0.485±0.07 


2.53G10.12 


0.24510.031 


1.810+0.716 


0.079+0.01 
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Table 5 



Biodistribution of 99m TcN-DESI in Rats (Group A) 


Time 


Blood %dose/g 


Brain %dose/g 


Heart %dose/g 


Lung %dose/g 


Liver %dose/g 


Spleen 
%dose/g 


2 min 


0.383±0.287 


0.082+0.010 


0.904+0.062 


0.565+0.074 


7.25910.005 


1.83310.249 


5 min 


0.349+0.033 


0.079±0.002 


0.881±0.071 


0.425+0.094 


5.798+0.549 


1.927+0.155 


10 min 


0.212±a012 


0.076±0.003 


0.89410.016 


0.399+0.011 


4.53910.286 


2.13910.200 


30 min 


0.095+0.024 


0.070±0.005 


0.951±0.103 


0.351±0.085 


3.069*0.672 


1.965+0.158 


I 60 min 


0.06910.008 


0.064±0.003 


0.931±0.025 


0.224±0.070 


2.80910.739 


1.87310.667 


1 20 min 


0.06810.001 


0.05110.001 


0.80610.080 


0.151+0.001 


1.463+0.186 


1.453+0.085 


150 min 


0.058+0.008 


0.034+0.004 


0.884+0.075 


0.194±0.002 


1.37510.054 


1.46110.132 


Time 


Kidney 
%dose/g 


Muscle 
%dose/g 


Adrenal glands %dose/g 


Submaxillary glands %dose/g 


2 min 


6.518+0.821 


0.110±0.004 


4.227±0.089 


1.791+0.249 


5 min 


6.19310.421 


0.105+0.010 


3.71010.682 


1.721+0.460 


10 min 


6.295±0.329 


0.096±0.009 


5.353±0.339 


1.87610.030 


30 min 


10.1 1±1 .762 


0.098±0.021 


5.153±0.039 


2.065±0.069 


60 min 


6.227±1.020 


0.108±0.015 


4.800+1 .737 


1.49111.149 


1 20 min 


5.538±0.607 


0.397±0.033 


4.220+0.182 


1.351+0.037 


1 50 min 


7.182±0.349 


0.090±0.009 


5.013±1.061 


1.97610.293 



19 



EP0 949 265 A1 



15 



20 



25 



30 



60 min 
120 min 
150 min 
Time 



2 min 
5 min 



0.467+0.011 

0.277±0.028 

0.170±0.020 

0.169±0.028 

0.074±0.016 

0.050+0.007 

0.050±0.014 

Kidney 
%dose/g 



5.492+0.602 
5.899+1.397 



Biodistribution of 99m TcN-DESI in Rats (Group B) 



0.032±0.004 



0.01 8+0.001 
0.01 8±0. 003 
0.016±0.002 
0.004+0.000 
0.001±0.000 
Muscle 



%dose/g 
0.103±0.002 



Heart %dose/g 



0.79310.037 
0.819+0.052 
0.81 4±0. 023 
0.83210.170 
0.69310.057 
0.745+0.063 
0.815+0.070 



0.488+0.042 

0.353+0.028 

C.34a±0.003 

0.2710.117 

0.25310.014 

0.2OG+O.O48 

0.16310.036 



Adrenal glands %dose/g 



4.314+0.718 
4.480+O.991 



5.149+0.787 

6.420+0.378 

4.732+0.057 

4.95710.168 

2.50510.113 

1.159+0.09 

1.253+0.006 



1.841+0.197 

2.032+0.197 

1 .559+0.074 

1 .33910.380 

1.40310.209 

1.86510.313 

1.637+0.147 



Submaxillary glands %dose/g 



1.87810.09 



0.10110.014 
0.08610.007 
0.09110.011 



1.786+0.201 



10 min 
30 min 



5.192+0.036 
7.88311.689 
5.17610.584 



4.34910.164 



1.669+0.126 



6.120+2.224 



1.04210.123 



60 min 
120 min 



4.32110.712 
4.588tt0.985 



1.596+0.138 



5.73710.093 
5.646111.192 



0.34310.443 
0.09610.007 



1.64110.280 



4.0910.294 



1.98310.339 
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Re< 


Jional brain biodistribution of 99m TcN-DESI 


in Rate (Group A) 




Time 


Cortex %dose/g 


Cerebellum 
%dose/g 


Striatum %dose/g 


Hypothalamus 
%dose/g 


Medulla %dose/g 


5 min 


0.02910.004 


0.06410.005 


0.07610.025 


0.325+0.058 


0.057+O.004 


30 min 


0.021+0.002 


0.03910.015 


0.05410.017 


0.408+0.085 


0.046+0.003 


60 min 


0.02110.002 


0.02810.012 


0.0710.019 


0.364+0.069 


0.02910.006 
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Table 8 



Regional brain biodistribution of ~" TcN-DESI in Rate (Group B) 
Cerebellum 
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£ Claims 

^ 1 . A radioactive transition metal nitride heterocomplex comprising a radioactive transition metal nitride and two differ- 
ent ligands coordinated therewith which is represented by the following formula (1): 

5 

(M-N)XY (I) 

wherein a radioactive transition metal M is a radioactive technetium or radioactive rhenium, Nisa nitrogen atom, X 
is a diphosphine compound or a diarsine compound, and Y is a bidentate ligand having a combination of two elec- 
ts tron-donating atoms which are selected from the group consisting of O, S and N and may be either charged or not. 

2. A radioactive transition metal nitride heterocomplex according to daim 1 , wherein said diphosphine compound X is 
a bisphosphine compound represented by the following formula (II): 



15 



( r 



Oo 



45 



50 



R1 \ >^ R3 



wherein each of R 1 , R 2 , R 3 and R 4 , which may be the same or different, is one member selected from the group 
consisting of a hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group and a substituted aryl group. 
R 5 is a methylene group. Z is one member selected from the group consisting of an oxygen atom, a sulfur atom, a 
25 methylene group, NR 6 (wherein N is a nitrogen atom and R 6 is a hydrogen atom, an alkyl group, a substituted alkyl 

group, an aryl group, a substituted aryl group, an amino group, an amino acid chain, a biologically active group or 
a -C(=0)R 7 group (wherein R 7 is a hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group, a sub- 
stituted aryl group, an amino group, an amino acid chain or a biologically active group)) and an ethylenedioxy 
group, P is a phosphorus atom, n is an integer in a range of 1 ^ n ^ 5, and m is zero or 1 . 

30 

3. A radioactive transition metal nitride heterocomplex according to claim 1 or 2, wherein said diphosphine compound 
X is a bisphosphine compound represented by the following formula (III) or formula (IV): 

p h >>P(CH2)2NR6(CH2)2P<C ( ™ > 

\ Ph 



(wherein Ph is a phenyl group and R 6 is a hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group, 
a substituted aryl group, an amino group, an amino acid chain, a biologically active group or a -C(=0)R 7 group 
(wherein R 7 is a hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group, a substituted aryl group, 
an amino group, an amino acid chain or a biologically active group)), 

CH3(CH2).0(CH2),. . ^GH2).<XOM CH, 

CH*(CH^OCC^ m 



'(CH 2 ),(XCH2)wCH3 



(wherein X is an integer in a range of 0^ X ^ 4, W is an integer in a range of 0^ W ^ 3. and R 6 is a hydrogen atom, 
an alkyl group, a substituted alkyl group, an aryl group, a substituted aryl group, an amino group, an amino acid 
55 chain, a biologically acitive group or a -C(=0)R 7 group (wherein R 7 is a hydrogen atom, an alkyl group, a substi- 
tuted alkyl group, an aryl group, a substituted aryl group, an amino group, an amino acid chain or a biologically 
active group)). 



3DCXID: <EP 0949265A1 I > 



21 



EP 0 949 265 A1 



10 



15 



20 



25 



30 



6. 



7. 



35 



11 

40 



45 



cV^^ss^ 

8 - vSSSS^f ° '—-«*" • » "V - « daima , ,„ 7 . saa aria*,* 

XorT aC,a ' 8 *™ y * C,d - ' h " m0ne - * pep,lde and a '»*>*"a«a«babla »gand. J1J12£!!£££ 

10. A iMIoMhra tanalton maul nitride hatarocompte, aoooralno to claim 8 or 9. amwalri saM bidantata lloand Y k 

E£^~ ^^^^^^ 

1 1 . A radioactive transition metal nitride heterocomplex according to claim 10, wherein said dithiocarbamic acid deriv 
■son. member selected from the groups cons.sting of N-ethyl dithiocarbazate and N-methyl-S-methy. dlthtoiS 

1 2. A radioactive transition metal nitride heterocomplex according to any one of claims 1 to 1 1 wherein said radio*,*,- 
transrt,on metal M is one member selected from the group consisting of ""Tc «H e arld^Re rad,0aCtlVe 

^^7:^lZ:^l radi0aC6Ve tranSiti °" "~ ■** —oco^ according to any one of 



50 



55 



1 4. A process for producing a radioactive transition meta. nitride heterocomplex according to claim 1 . which comprises 

hJIl S !, eP °' ; e ^ in9 an 0)dde of a radioactive transition metal M with either carbazic add or its derivative or 
T^Zl n. ^' Vat ' Ve - ^ 3 diphos P hine ««P0und or a diarsine compound in a solution 5££2£ 
a £322 % T 9 ^ t0 ° btain an irtermedia *« * radioactive transition metal nrtSe and 
a second step of react.ng sa.d .ntermediate with a bidentate ligand having a combination of two elecfron-don a t 
mg atoms selected from the group consisting of O. S and N. eiectron-donat- 
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15. A process according to claim 14, wherein said carbazic acid derivative is selected from the group consisting of N- 
methyl-S-methyl dithiocarbazate, S-methyl dithiocarbazate and N-methyl-S-2-propionic acid dithiocarbazate. 



1 6. A process according to claim 1 4, wherein said hydrazine derivative is selected from the group consisting of succinic 
5 acid hydrazide, acetyl hydrazide and isonicotinic acid hydrazide. 

17. A process according to any one of claims 14 to 16, wherein said diphosphine compound X is a bisphosphine com- 
pound represented by the following formula (II): 



R2 S> PCR^nCZDmCR^nP <^ R4 < H > 



wherein each of R 1 , R 2 , R 3 and R 4 , which may be the same or different, is one member selected from the group 
consisting of a hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group and a substituted aryl group, 
R 5 is a methylene group, 2 is one member selected from the group consisting of an oxygen atom, a sulfur atom, a 
*" ^jo methylene group, NR 6 (wherein N is a nitrogen atom and R 6 is a hydrogen atom, an alkyl group, a substituted alkyl 
group, an aryl group, a substituted aryl group, an amino group, an amino acid chain, a biologically active group or 
a -C(=0)R 7 group (wherein R 7 is a hydrogen atom, an alkyl group, a substituted alkyl group, an aryl group, a sub- 
stituted aryl group, an amino group, an amino acid chain or a biologically active group)) and an ethylenedioxy 
group, P is a phosphorus atom, n is an integer in a range of 1 ^ n ^ 5. and m is zero or 1 . 



1 8. A process according to any one of claims 1 4 to 1 7, wherein said diphosphine compound is selected from the group 
consisting of bis(diphenylphosphinoethyl)amine, bis(diphenylphosphinoethyl)methylamine, bis(diphenylphosphi- 
noethyl)ethylamine. bis(diphenylphosphinoethyl)propylamine. bis(diphenylphosphinoethyl)-butylamine, bis(diphe- 
nylphosphinoethy1)acetonylamine and bis(dipheny!phosphinoethyl)methoxyethylamine. 



1 9. A process according to any one of claims 1 4 to 1 8, wherein said diphosphine compound is selected from the group 
consisting of (CH 3 0) 2 -P-CH 2 CH 2 -NH-CH 2 CH 2 -P-(OCH3) 2 , (CH 3 0) 2 -P-CH 2 CH 2 -N(CH3)-CH 2 CH 2 -P(OCH 3 ) 2 , 
(CH 3 0) 2 -P-CH 2 CH 2 -N(CH 2 CH3)-CH 2 CH 2 -P-(OCH 3 ) 2 , (CH 3 0) 2 -P-CH 2 CH 2 -N(CH 2 CH 2 CH 3 )-CH 2 CH 2 -P- 
(OCH 3 ) 2 , [CH 3 0(CH 2 ) 3 ] 2 -P-CH 2 CH 2 -N(CH 2 CH 3 ) -CH 2 CH 2 -P-[(CH 2 ) 3 OCH3] 2 , [CHaOfCH^-P-CHgCrV 
35 N(CH 2 CH 2 CH 3 )-CH 2 CH 2 -P-[(CH 2 ) 3 OCH 3 ] 2l (CH 3 CH 2 OCH 2 CH 2 ) 2 -P-CH 2 CH 2 -N(CH 2 CH 3 )-CH 2 CH 2 -P- 

(CH 2 CH 2 OCH 2 CH 3 ) 2 . (CH 3 CH 2 OCH 2 CH 2 ) 2 -P-CH 2 CH 2 -N(CH 2 CH 2 CH 3 )-CH 2 CH 2 -P-(CH 2 CH 2 OCH 2 CH 3 ) 2 , 
[CH 3 0(CH 2 ) 3 ] 2 -P-CH 2 CH 2 -N(CH 2 CH 2 OCH 3 )-CH 2 CH 2 -P-[(CH 2 ) 3 OCH 3 ] 2 and (CH 3 CH 2 OCH 2 CH 2 ) 2 -P-CH 2 CH 2 - 
N(CH 2 CH 2 OCH 3 )-CH 2 CH 2 -P-(CH 2 CH 2 OCH 2 CH 3 ) 2 . 

(~ Iw 20. A process according to any one of claims 1 4 to 1 7, wherein said diphosphine compound is selected from the group 
consisting of bis(diphenylphosphinoethyl)dioxyethylene, bis(dimethoxyphosphinoethyl)dioxyethylene, bis(diphenyl- 
phosphinoethyl)ether, bis(diphhenylphosphinoethyl)sulfide and bis(diphenylphosphinoethyl)alkylene. 

21 . A process according to any one of claims 14 to 20. wherein said bidentate ligand Y is a bidentate ligand having a 
45 combination of electron -donating atoms selected from the group consisting of [N", S], [O", S], [S', S], [NT, S], [N, 

S ], [O, S ], [O, 0-],[0\ N], [NT, N], [O', S], [0\ O], [O .N], [S, S ], [N. N ], [O, 1ST], [O, N], [N, N], [S, S], [O, OJ, [N t 
S]and[O.S]. 



22. A process according to any one of claims 14 to 21, wherein said bidentate ligand is physiologically active. 

23. A process according to any one of claims 14 to 22, wherein said bidentate ligand Y comprises a combination of a 
physiologically active substance selected from the group consisting of a sugar, an amino acid, a fatty acid, a hor- 
mone, a peptide and a receptor-attachable ligand. and said electron-donating atoms. 

55 24. A process according to claim 22 or 23. wherein said bidentate ligand is selected from the group consisting of 1 -thio- 
p-D-glucose, thiosalicylic acid, cysteine, cystein ethyl ester, 2-aminoethanethiol, dithiocarbamic acid and deriva- 
tives thereof, and dithiocarbamic acid and derivatives thereof. 
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25. A process according to da.m 24. wherein said dithiocarbamic acid derivatives is one member selected from the 

E? St .N^f^ dithiocarbamate. diethyl dithiocarbamate. N-etliy. dithiocarbazate Zi N * 

ethoxy-N-ethyi drth,ocarbamate. or said dithiocarbazic acid derivatives is one member selected from the groups 

cons.st.ng of N-ethyl drth.ocarbamate and N-methyl-S-methyl dithiocarbazate. ^ ♦ 

26. A process according to any one of claims 14 to 24. wherein the oxide of said radioactive transition metal M is 
selected from the group consisting of 99m Tc0 4 -. 186 Re0 4 - and 188 Re0 4 \ nansmon metai m is 
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FIG. 10 
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